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PREFACE

~ This report summarizes the work performed on Contract DNA0OO1-83-C-0154:
Japanese Nuclear Casualty Data. Part I discusses development of the LD50 for

human lethal-radiation dose. Part Il describes effort in developing Combined
Injury Analysis.

It is important to recognize that the results presented in Section 2 are
preliminary. The combined injury data presented here are based on weapon
yield information that has been superseded by the DS86 reassessment. It is
expected that definitive results will be provided in a future effort.

Special thanks are extended to Dr. Young and Mr. S. Levin, whose assis-
tance and encouragement were very helpful. In addition the work of Mr., Wayne
Rhoades, ORNL, and his associates is gratefully acknowledged. Their continual
coordination and attention to detail have been instrumental in the effort to
obtain valid LDgy results.
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SECTION 1
DETERMINATION OF HUMAN LDgqg FOR PROMPT RADIATION

Human lethal-dose due to radiation has been uncertain for many years. In
particular, determination of the LDggy (radiation level causing 50 percent
mortality) for healthy humans is the goal of the current study. The primary
reason for the long-standing uncertainty was the lack of accurate exposure
level information for those persons subjected to high levels.

An obvious source of information was those humans present at the explo-
sion of the atomic bombs at Hiroshima and Nagasaki., Casualty data for these
events have been available for many years. Almost immediately after the
nuclear attacks, the Japanese initiated studies of these events. After the
end of world War II, the United States joined in this effort. The casualty
data collection was essentially completed within a few months. However, some
additional follow-up data were also obtained a year or so later and these data
were included with the original information. Additional data collection
efforts have continued to the present time in an attempt to improve the deter-
mination of the human biological response to nuclear-radiation exposure. Many
special studies and surveys of selected buildings, groups of people, and
individuals have been done by the Japanese and others. The data base upon
which the present study is based is believed to be the most complete available
from information available in the United States.

A search of the data base was undertaken to determine those case histo-
ries who received significant radiation dose without suffering significant
injuries due to blast and/or burns. Generally, those cases situated outside
or in wood-frame buildings located in high radiation areas received blast
and/or burn injuries; if they were far enough away to escape such injuries,
the radiation levels were too low to be of interest for this study.

About 20 years ago, Mr. L. Wayne Davis and his associates at the Dikewood
Corporation pointed out the existence of a data source in seismically-
reinforced concrete (RC) buildings, and proposed that it be exploited.
However, it was nnt possible at that time to determine radiation levels be-
cause no suitable detailed shielding methodology existed to ailow estimates
inside a reinforced concrete building. [n addition, the calculations would
have been too lengthy to be undertaken with computers of the day. Both of
these problems have recently been overcome. At a meeting in September 1985,

personnel from Oak Ridge National Laboratories (ORNL) presented results ob-
tained using the TORT (Three Dimensional 0ak Ridge Radiation Transport) code,




showing that detaiied calculations of the type needed to obtain the needed

radiation levels in RC buildings were feasible.

Attention focused on two seismically-reinforced concrete (RC) buildings
in Nagasaki: Chinzei School (Fig 1) and Shiroyama School (Fig 2) in which
individuals exposed to high radiation levels were protected from blast (25-28
psi) and burn injuries by the structures (Ref. 1). Figure 3 shows the loca-
tions of the two schools relative to the hypo-center. Individuals located in
these buildings provided the basis for the LDgy Study effort described in this
report.

Locaticn of per-onnel was derived from case histories for the occupants
of Chinzei and Shiroyama, listed in Tables 1 and 2. Figure 4 shows that the
roof of the Chinzei school collapsed, killing all nine persons on the third
and fourth floors. Therefore, detailed dose calculations were not made for
these floors. The Chinzei School was approximately 500 meters from ground
zero and the bomb detonated at about 500 m height, so that the bhlast and
radiation struck the building at about 45 degrees from the northeast. Many
persons on the second floor (Fig 5) located closest to ground zero were
crushed. Persons located on the basement, first, and second floors of the
concrete building who survived the first day with minor burn and blast in-

juries were used in this LDSO study.

The Shiroyama School was about 550 yards from ground zero. Doses were
calculated for the 2nd and 3rd floors of building two only, since there were
no persons on the first floor. Building #1 to the right of building two
(Figure 2) was not included in the study because of the few cases located
there. It was used only to calcuiate the radiation shielding effects on
building 2, A considerable number of blast and/or burn injuries were rejected
from the cases included in this study.

Factors that could influence the LDggy study were examined. They included
the following:

» Case history locations--It was necessary to locate each individual
prior to calculation of radiation exposure levels, A right-handed
coordinate system with the origin at the center of each building was
adopted, with positive x defined parallel to the longest dimension of
the building and extending toward ground zero. Using the data avail-
able, each case history was located on the building plan. O0Once the
best estimate of location was determined, the x and y position was
defined using the coordinate system described above. The z-coordinate
identifies the body midpoint, taken as 1, 2, or 3 feet above the floor;
these values represent prone, sitting, and standing postures, respec-
tively. Positions are summarized in Tables 3 and 4 for those cdses
used in this study.
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BUILDING 2 AT LEFT

Figure 2. Shiroyama school.
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Figure 3. Location of Chinzei and Shiroyama schools
relative to hypocenter.
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Table 1.

Detailed 1ist of all cases.
(Chinzei Middle School)

Case Room Sex Age Prognosis™ Other remarks
Underground
1 I M 19 S epilation, radiation effect
2 I M 17 S wounds on face, arms and thighs
slight radiation effect
3 I F 23 S epilation, radiation effect
4 I M 19 S wound on face,
radiation effect
5 [ F 18 M died on 6th September
by radiation
Ist flcor
6 Il F 26 M burn on head
died on 12th August
7 Il M 35 I wounds and burn
died at 3 p.m. 9th August
3 [I F 26 1 wounds and slight burn
died afternoon of 9th August
9 11 F 18 I died at 3 p.m. 9th August blast?
10 [I F 138 S burns on face
radiation effect ?
11 I F 22 M died afterward
radiation effect
12 I F 23 M died afterward
radiation effect
14 I1 F 16 I blast ? crushed ?
15 Il F 16 1 blast? crushed?
16 Il F 18 M died after 1.5 months radiation
17 I F 18 M died afterwards
radiation effect ?
91 [11 M 55 I crushed
92 [11 M 15 S fracture of left leg, radiation ?
18 Iv M 30 M burn on face, back, arms and

hands, died on 3rd September




Table 1., Detailed list of all cases (continued).
(Chinzei Middle School)
Case Room Sex Age Prognosis* Other remarks
108 v M 15 I blast
109 v M 15 I blast
110 Iv M 15 [ blast
111 Iv M 15 I blast
112 v M 15 S wound on head, radiation?
113 v M 15 I blast
114 v M 15 [ blast
115 v M 15 M died afterwards, radiation?
116 Iv M 15 I blast
117 v M 15 [ blast
118 Iv M 15 I blast
101 ) M 19 S fracture of left leg, radiation?
102 v M 19 M wound on head, died after one
month by radiation
103 v M 19 S epilation, epistaxis
wounds on head and shoulder
104 v M 19 M diarrhea, died after 7 days
105 v M 19 M died afterwards
106 v M 17 [ died
107 ' M 17 M died after 7 days, radiation
13 VI M 26 S epilation, wound on head
radiation
2nd floor
35 VI M 20 [ crushed. burned
36 VII M 29 [ crushed, burned
37 VII M 24 M burn on upper half of body,
died on 12th August
38 VII M 20 1 crushed, burned
39 VII M 24 I died after 6 hours
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Table 1. DNetailed Tist of all cases (continued).
(Chinzei Middle School)
Case Room Sex Age Prognosis* Other remarks

32 VIII M 29 M burn on upper half of body
died on 11th August, radiation

33 VIII M 19 I crushed, burned

34 VIII M 30 [ blast

19 IX M 33 I burned, crushed ?

20 IX M 26 I burned, crushed ?

21 IX M 42 I burned, crushed ?

22 IX F 20 I burned, crushed ?

23 IX F 19 I burned, crushed ?

24 IX F 21 I burned, crushed ?

25 IX M 27 I crushed

26 IX M 27 M died after 2 weeks, radiation

27 IX M 38 M burn on face, back and hands
died on 26th August

28 IX M 31 I crushed

29 IX M 21 [ burned, crushed?

30 IX M 24 M burns on face, chest, and hands
died on 5th September

31 IX F 16 I burned, crushed ?

40 X M 18 M slight burn, died on lst
September, radiation

41 X M 19 I blast ?

42 X M 18 I blast ?

43 X M 19 M pharyngitis, diarrhea, died
on 18th August, radiation

44 X M 19 1 blast ?

45 X M 19 I blast ?

46 X1 M 27 M burn on face, hands and feet
died on 24th August, Radiation

47 X1 F 23 [ crushed




Table 1. Detailed list of all cases (continued).
(Chinzei Middle School)

Case Room Sex Age Prognosis* Other remarks

48 X1 M 18 I crushed

49 X1 M 23 M burn on whole body, died on
11th August by shock?

50 X1 F 19 I burned

51 XI F 19 [ blast ?

52 XI F 19 I blast ?

53 XI F 19 [ blast ?

54 X1 M 24 M burned, died on 10th August

38 XI1 M 65 S no injury

89 XII M 35 M epilation, purpura, pharyngitis
died afterward by radiation

90 X1I M 44 M epilation, purpura, gingivitis
died after one month

93 XI1 M 41 S epilation, gingivitis

94 X11 M 48 S epilation, anemia

95 XII M 63 S epilation, pharyngitis

96 XTI M 20 M epilation, pharyngitis
died on 4th September

97 XII M 47 S epitation, gingivitis

3rd floor

55 X111 M 34 I blast

56 XIII M 24 I blast

57 XT1I M 19 I blast

58 XITI F 22 [ blast

59 XIII M 16 [ blast

60 XITI F 23 [ blast




Table 1. Detajled list of all cases (continued).
(Chinzei Middle School)

Case Room Sex Age Prognosis* Other remarks
4th floor
98 X1V M 16 [ bleeding from wound on bhack,
died afterward
99 X1V M 16 [ crushed
100 X1V M 16 I crushed
*Prognosis - Key to Symbols

S - Survived
M - Mortally injured - died within 90 days

[ - Immediate death (died on the first day)
Includes those cases that could not be located after the blast.
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Table 2.

Detajled 1ist of all cases.

(Shiroyama School)

Case Room Sex Age Prognosis Other remarks
3rd floor
S7 I F 30 [ crushed
S26 I F 23 I blast
S33 I F 22 I blast
S34 I F 20 [ corpse unidentified
Sa1 I F 23 M died after a few days
S51 [ F 23 M died after 5 days
S5¢ I F 20 M died after 10 days by
radiation (no wound)
S54 [ F 23 M died after a few days
Sb4 1 F 20 [ blast
597 [ F 16 I corpse unidentified
S99 I F 17 I corpse unidentified
S100 I F 13 1 corpse unidentified
S113 I M 19 M died on 14/VIII by radiation
(no wound)
Sitbs I M 19 [ corpse unidentified
S116 I M 19 I (no data listed)
S5 I1 M 27 I crushed
542 I F 21 M fracture of both legs, died after
10 days by radiation (diarrhea)
S56 Il F 18 M laceration on scalp, died
after a week by radiation
S63 Il F 20 I blast
S65 Il F 20 M died on 23/VIII by radiation
$73 I1 M 19 M laceration on scalp
died on 10 /VIII
S96 Il F 17 I corpse undentified
5101 I1 F 18 M died on 27/VIII

11




Table 2. Detailed 1ist of all cases (continued).
(Shiroyama School)
Case Roam Sex Age Prognosis Other remarks
S102 I1 F 18 I died after 1 or 2 hours
S114 I M 18 M died on 19/VIII by radiation
S6 III M 46 [ blast
524 [11 F 23 I blast
S35 I11 F 20 [ corpse unidentified
S84 [1I F 17 I corpse unidentified
S94 I11 M 18 M died after 3 days (no wound)
S93 [11 M 16 I contusion on chest, died at
5 o'clock in the afternoon
S110 [11 F 15 M died after 14 days by radiation
S118 I11 M 20 M died on 10/VIII (shock of burn)
S119 I M 17 I crushed
S10 IV M 23 M died 20/VIII by radiation
(purpura, stomatitis)
S17 Iv F 21 M wound on scalp, died after a
week by radiation
S20 Iv F 23 I blast
S30 Iv F 22 M wounds on scalp and shoulder
died after a week by radiation
S31 v F 22 M wound on leg, died after a
week by radiation
$38 IV F 21 M (no injuries listed)
S49 Iv F 26 M much bleeding from wound on scalp
died after a week
S53 IV F 20 M fracture of leg, died
after a week by radiation
S78 v F 17 M burn on extensive area
died on 19/VIII
S79 v F 17 I (no injuries listed)
S87 Iv F 16 M burn on extensive area
died on 19/VIII
12




Table 2. Detailed 1ist of all cases (continued).
(Shiroyama Schootl)
Case Room Sex Age Prognosis Other remarks
S88 Iv F 16 M died on 19/VIII by radiation
(no wound)
S109 Iv F 18 M burn on extensive area
521 v F 23 M died after a week by radiation
(no wound)
S23 v F 23 M died after a week by radiation
S$32 ) F 20 M died after a week by radiation
540 v F 25 M died after 3 days {rupture of
visala in abdomen?)
S44 v F 20 M wound on scalp, died after
10 days by radiation
S45 v F 21 I crushed
S17 v F 17 I crushed ?
S92 v M 16 [ crushed ?
5108 v F 18 [ crushed ?
S25 VI F 23 I died at 5 o‘clock (edema on face)
S27 VI F 22 M died after a week by radiation
(diarrhea) (no wound)
S43 VI F 20 M slight wound on scalp, died
after 10 days by radiation
S46 VI F 21 M died after 10 days by radiation
S47 VI F 19 M died after 10 days by radiation
S83 VI F 17 I blast ?
S86 VI F 16 M died on 18/VIII by radiation
S90 VI F 19 M died by radiation ?
sal VI F 16 M died on 19/VIII by radiation
2nd floor
S15 VII F 22 I died on 9/VIII, burn on back
S68 VII F 20 [ blast? curshed?
570 VII F 18 I crushed

13




Table 2. DNetailed list of all cases (continued).
(Shiroyama School)
Case Room Sex Age Prognosis Other remarks
S72 VII F 22 I blast?
S82 VII F 17 M extensive burn, died on 26/VIII
S12 VIII F 24 M stight wound on face, died on
1/1X by radiation
S19 VIII F 22 M died after 5 days by radiation
{no wound)
S39 VIII F 24 M died after 3 days, severe burn
S60 VIITI F 20 I blast
S75 VITI F 23 b died after a few days
595 VI F 17 S epilation (+,, anemia (+)
S98 VITI = 17 M died on 9/1X by radiation
S1u6 VIII F 13 M died on 12/VIII nhy radiation
S112 VITI " 19 M died on 19/VIII by sepsis, glass
wound all over the bhody
S117 VI M 19 M (no injuries listed)
S13 X F 24 M after a week died by radiation
S53 IX F 17 M died by radiation
S6Y [X F 20 M died by radiation
S71 [X F 19 I crushed
S76 [X F 17 S epilation (+)
530 N F 17 M severe burn, died in Oct.
(remarkable weakness)
531 IX F 17 M severe burn, died in Oct.
{remarkable weakness)
S193 X F 16 S epilation (+) stomatitis (+)
5ind X F 17 S radiation effect (+) ?
S105 IX F 13 b died on 4/1X by radiation
S36 X F 20 M died aftcr a week by radiation

14
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Table 2. Detailed list of all cases {continued).
“Shiroyama School)

Case R00mM 5ex Aye Prognosis Other remarks
S62 g F 21 M died on Z2h/VIITL py radiation
wound on face
Sin7 ¢ F 14 ! Aied on I/VITI]
ST X F 1n " died after 2 weeks by radiation
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VIEW OF SOUTH END AND WEST SIDE OF BUILDIN

G

Figure 4, Chinzei school: looking west .
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SECOND FLOOR

Figure 5. Chinzei school: fi .t and second floors.
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Table 3. Chinzei School position data.

Case x(cm)
Basement
1 -90+-90
2 -225+90
3 135-30
4 210-30
5 35+30
First Floor
11 2960-60
12 215560
13 1140-60
15 1495+60
17 327060
92 -410-30
101 -2090-30
192 -2090-30
193 -2090- 30
104 -2090+30
112 -740+90
115 -420-60
Second Floor
26 153060
30 2975+60
13 242560
13 -3030- 30
34 -3200+-30
90 -2930+30
93 -3200+30
34 -3320-30
95 -2960+30
36 -3295-60
37 -3070+30

13

y(cm)

125-90
325+90
-700+30
-455+30
-755-30

-730-60
-275:60
540-30
-470+60
-720-60
-445-30
385-60
430-60
565+30
56560
-70+60
-215-90

-430-60
540+60
3€0+60
525+30
730+30
730+30
525+30

0+30
525+30

-295+50
730+30

z(cm)

60
60
60
60
60

60
60
60
60

30
60
60
60
60
90
99

60
60
60
60
60
60
60
A0
60
90
60




Table 4, Shiroyama School position data.

Case x(cm) y(cm) z(cm)
Second Floor

12 180+60 -135+60 60
18 -290+30 75+30 60
19 +225+60 -345+30 60)
36 -1310-90 25+60 60
58 -240:60 -360+30 60
62 ~-1030-60 2560 60
69 -470+60 -360+30 60
75 130+30 50430 60
/6 -415+60 -225+80 60
95 435460 75430 60
98 645+ 60 -105+30 60
103 -470+:60 60+30 60
104 -195+60 -230-30 60
105 -690:60 60+-30 60
111 -1045+60 -135+60 60
117 390+60 -375+30 60
Third Floor
10 -810+30 -380+30 60
17 -365+60 -135+30 60
21 -1310+60 -350+30 60
23 -1700+60 -375+30 60
27 -2600+60 -270+60 60
30 -390+60 -330+30 60
31 -265+60 -380+30 60
32 -1250+60 65+30 60
33 -120+30 -370+30 60
41 2520+60 75+30 60
42 1560+60 20+30 60
43 -2415+-60 -30+60 60
44 -1440-60 -365+30 60
46 -2400+60 205+60 60
47 -2600+60 20560 60
48 -1545+60 20+30 60
51 2340+ 60 75+30 60
52 212560 55+60 60
53 -250+-60 -160+30 60
54 2120+60 270+30 60
56 1315460 20+30 60
65 1325+30 -390+30 60
36 -2615+60 -25+30 60
38 -110+60 -170+30 60
90) -2210+60 -25+30 60
91 -2235+60 210+60 60
94 115+60 -135+30 60
101 270030 55+60 60
11n 275460 -135+30 60
113 2700430 55+30 60
114 1180+60 20+30 60

19




Chinzei school partitions--A request was made to provide any informa-
tion on location of temporary partitions within the building. An
estimate of the partition locations was transmitted to ORNL. The U.S.
Strategic Bombing Survey (USBSS) documents state that the partitions
were made of wood lath and plaster. However, photographs of the build-
ing interior strongly suggest that they were metal screen covered with
stucco-like materials. This conflict was later resolved through addi-
tional information obtained from similar structures in Japan.

Reinforced concrete construction--Because of the manner in which the
roof collapsed at Chinzei school, there was conjecture that the pillars
supparting the upper floors were concrete with bamboo reinforcement,
rather than steel. However, there is no evidence that such was the
case; the collapse of the upper level walls can be correlated to the
construction described in the USBSS survey. The north end of the
buiiding had a steel truss roof with no pillar support above the third
floor level. The roof over the south half of the building was wood
truss construction supported by wooden pillars resting on the fourth
floor of reinforced concrete.

Ages of persons in Chinzei school--Several models exist in converting
the free-in-air KERMA to midline and bone marrow dose. The choice of
model depends on the weight and age of the person. A review of the
case histories shows an age range of 15 to 65 years, with the median
being 20. Based on these data, the 55 kg adult model is appropriate,
and was used for this study.

Chinzei school basement--Five persons were located in the basement of

Chinzei school. Data were available for all persons in the basement.

None received burns. Only two received any mechanical injuries, which
were very minor, The basement group represents a significant portion

of the survivors, and was included in the TORT calculations.

Once the preliminary positions were established, radiation levels were

calculated at Oak Ridge. Based on that information, preliminary LD50 esti-

mates were calculated using a log probit curve fit. When results were

examined, the following considerations were reviewed,

A.

Computed dose received by each individual--The high radiation grad-
jents observed inside the buildings demand a location accuracy for
each person that cannot be achieved from information in the data-
base. Even if the accuracy were attainable, a large change in radia-
tion occurred across the body dimensions. Some method of obtaining
an equivalent uniform dose is required.

It was decided to obtain a best estimate of case history location and
additionally provide a tolerance in position based on the data avail-
able. The radiation level changes within this location tolerance
were examined., A final approach to obtain an equivalent uniform dose
was developed once the data obtained from the above steps was avail-
able,

Effects of the pressure wave on subject location--The pressure wave
arrived about one second after weapon detonation. It is estimated tc
have created an overpressure of 25-28 psi. Although the mach stem
had not yet fully formed at this range, the shock wave was sufficient
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to collapse the roof of Chinzei school and to disintegrate the temp-
orary partitions in the buildings. There is little doubt that it
also displaced persons inside the building, especially if they were
standing, A significant portion of the radiation came from the
delayed gamma originating in the fireball, delivered after the shock
wave had reconfigured the building and moved persons from their
earlier positions.

The Chinzei school photographs were reviewed to ascertain if an
estimate of subject displacement could be made. The review showed
that it would be virtually impossible to define the displacement,
because of the complex manner in which the shock wave interacted with
the building openings and walls. In some cases a pressure backfill
was evident. It was decided that the displacement would be limited
to changing the standing persons to a prone position after the shock
wave had passed.

Effect of building partitions on caicuiated radiation--Dose calcula-
tions assumed the temporary partitions remained in place while all
the radiation was delivered. A better approximation was developed,
in which the portion of the delayed radiation that occurred after the
shock wave was calculated with the partitions removed.

Effects of delayed source directional distribution--ORNL has observed
that the computer code for delayed gamma, obtained from SAIC, caused
many negative values inside the buildings. These negatives were set
to zero, and obscured any positive contribution from those direc-
tions. The reduction in total dose caused by this anomaly was not
known at the time of calculation.

Effects of building model simplifications--The first model used for
Chinzel school considered the buillding exterior to be rectangular.

In reality the main entrance was set forward some distance. There
were also offsets of this type at each end of the building. Those
individuals that were located near the exterior offset walls were
moved to a location in the model such that their distance from the
exterior wall was preserved. The effects on radiation dose for those
individuals was unknown, but the difference was expected to be small.

Appropriateness of the log probit curve fit--It was suggested that a
different distribution may be more appropriate than the widely used
log probit curve fitting. In particular, it was suggested that the
Weibull distribution be examined.

A program was developed for the Weibull distribution by Dikewood. It
follows the iterative process developed by Finney for the probit
curve. The LDgp estimated for the combined schools by fitting a
Weibull was 380 rads, as opposed to 350 obtained from the log probit
jteration, using preliminary radiation data. In both cases the Chi-
squared test showed good agreement with the assumed curve shape. For
this case it indicates that the log probit and Weibull curve shapes
obained are very similar,

No attempt was made to force a slope for the Weibull nor was a zero
value selected. Because of the extra degree of freedom involved in
the Weibull curve fit iteration, a larger sample size is required
than for the log probit case. The Weibull solution obtained for the
32 samples for Chinzei school resulted in an "A" value less than one,
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indicating an unusable result. For either method used, the shape is
highly sensitive to the extremes; that is, deaths at low dose and
survivors at high dose.

After considering the above factors, a refined study was undertaken in which:

(a)

doses were calculated for the midpoint of the cells in the ORNL
model rather than at the corners, since the cases were located
in the cells. Figures 6 through 14 show 1og dose contours for
the various floors in each building, when the above factors were
included

case history coordinates were revised to an accuracy of approx-
imately one foot (with t+ 3 feet uncertainty in the worst case),
and

the building models were more accurately defined, and are des-
cribed beiow,

THE MODELS OF CHINZEI--In the beginning, the Chinzei building
model #1 had shell, windows, beams, pillars, and floors from
Reierence 2. That reference did not give roof details, but
Reference 3 indicated a tile roof over the south end of the
building and concrete over the auditorium in the north end. In
the model, 2" of concrete was used over the auditorium, and the
tile was taken as equivalent to 2" of earth. The model had no
basement or internal walls.

A basement and internal walls were added to Chinzei model #2

The internal walls followed Reference 4 in the basement and on
the first floor, except that the open machine shop in the north-
east corner was represented. This same approach resulted in so
many conflicts between the blueprint rooms and reported person-
nel locations on the second floor that some adjustments based on
References 5 and 6 were made. The third floor was based on
Reference 5 and 6 for similar reasons, and the fourth was based
almost entirely on Reference 5. References 5 and 6 gave no
indication of wall thickness; however, Reference 4 was followed,
insofar as possible, on this point. This reference indicated
all walls in the basement and many of the upper-floor walls as
5" concrete walls, with the rest of thin-wall construction,
arbitrarily taken as equivalent to 2" of concrete.

Several changes to the building were made between Chinzei model
2 and Chinzei model 3, based largely on the study of the photos
and the corresponding layout drawings. The offset of the front
wall entrance was added. A 5" thick wall at the front of the
basement was removed. The photos indicate that it probably was
never built., Windows were added at the rear of the basement.
The height of all windows was reduced 11 percent, with a corres-
ponding reduction in dose to areas away from the windows; they
were also repositioned to agree with photos. All internal walls
were made equivalent to 1-1/3" of concrete, based on ava‘lable
shielding summaries, except the walls adjacent to the stairwells
and the basement walls. The stairwell and basement walls
remained at 5" of concrete., All thin walls were assumed to have

been removed by the hlast, while the 5" walls were assumed to
remain jntact.
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At one time, it was intended to raise the building into the air
to the height of the hill on which it sat. This was not feas-
ible because of the limited range of the delayed gamma data. It
is also questionable whether it would have improved the accuracy
without a complete recalculation of ground effect and other
retated details. The impact of changing the elevation of the
buildings was investigated at a later time.

THE MODELS OF SHIROYAMA--The outside shell of the Shiroyama
model #1 was constructed largely from Reference 2. Walls were
taken as 12" of concrete, while floors were 5 1/2" of concrete.
The window sizes and positions were cbtained by scaling from
sketches in the reference. No details of the east and west
walls of the building were available, so a few windows were
arbitrarily placed there. Reference 3 gave conflicting values,
8" and 4 1/2" for the wall and floor thicknesses, but there was
no reason to prefer those values over the generally-consistent
USSBS values. The stairwells on the north side of the building
were described, and enough of the passageway to the building
adjoining to the north was described to allow proper shielding
calculations,

The internal walls were based on Reference 5. The wall thick-
nesses were arbitrarily taken as 2" of concrete due to inconsis-
tent data in the references.

In the Shiroyama building model #2, the windows on the east and
west were removed. One photo was found that indicated that no
windows existed on the west wall of the second floor, and it
appears likely that both ends were constructed in this way. The
passageway to building one on the aorth side was remodeled to
give a better representation. Tne window height was adjusted
from 6' to 7' based on photos, and the window bottoms were
raised by 1'2",

The internal wall thickness was also readjusted. The only
information available as to thin-wall construction in either
Chinzei or Shiroyama buildings is a notation in one of the
analyses that a diagonal 1line through one such wall was equiva-
lent to 10 cm of water. Considering the angle and densities,
this is equivalent to approximately 1 1/8" of concrete, and
would compare favorably with heavy plaster or stucco construc-
tion in pre-war US buildings. Accordingly, this thickness was
used for all internal walls in Chinzei 3 and all internal walls
except the 5" walls in Shiroyama 2. An extensive attempt to
obtain additional evidence as to this construction detail was
fruitless.

a final adjustment of building location was made to account for
the elevation of the schools (60 feet for Chinzei and 80 feet
for Shiroyama).

LDgp estimates were made based on a probit calculation. Results are

given in Tables 5 through 7 showing the free-in-air (FIA) and bone marrow

estimates.

Log probit calculations are presented in Figures 15 through 20.

Values including burns and blast have no particular significance because of
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Table 7. Combined school data (LDggy) (cGy).

FIA Bone Marrow
COHORT-75 a1? (4.4) 295 (3.2
COHORT + BURNS-92 397 (4.6) 279 (5.4)
COHORT + BLAST-80 412 (4.9) 295 (3.6)

Numbers in parenthesis represent the
Chi-squared results for the data.

Two to 60 day cases
BURNS:  6C, 18C, 30C, 27C, 32C, 37C, 46C, 49C, 54C
39S, 78S, 80S, 81S, 82S, 87S, 109S, 118S
BLAST:  40S, 49S, 73S, 106S, 112S

AVERAGE DOSE (cGy)

FIA Bone Marrow
Survivors-Cohort (18) 426 300
Died-Cohort (57) 1377 994
Burns (2-60 days) (17) 1576 1136
Blast (2-60 days) (5) 1582 1140
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the small number of cases. For burns, a decrease in the LDgy is noted, which
tends to confirm the popular concept that multiple injuries reduce tolerance
to radiation injury. The blast cases show no trend; this is attributable to
the small number available and the fact that the dose levels are too high to

nave an impact on the LD50 estimate.
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SECTION 2
COMBINED INJURY AND MORTALITY ANALYSIS

2.1 ORIGINAL WORK PLAN.
The work plan for this original effort was to:
I. Catalog and define programs and data tapes from previous work.

[1. Examine and verify that combined data tapes are adequate to be used
for the raw data base.

ITi. Develop computer programs to sort the number of single and multiple
injury cases that exist for group and ncngroup cases.

A. Burns Minor
B. Mechanical Moderate
C. Nuclear Severe

These data were to provide a good indication of the number of cases
in each category.

IY. Provide tabulations by single injury severity, combination severity,
and injury versus mortality for each city and data base.

V., Examine available data and determine suitable response criteria.

VI. Develop restricted data bases for each injury criteria, including
relevant items from the raw data base.

VII. Based on the criteria and data bases defined above, determine
methods of presentation that will be most comprehensive. Analyze
data and determine implications.

This plan was not completed since critical data needed for the study did not

become available in time to obtain valid results. These critical data were:
a) revised Hiroshima and Nagasaki yield

b) revised information necessary to calculate radiation attenu-
ation through the walls of wood frame buildings.

While waiting for the critical data to become available, preparation tasks
were completed. Special edit lists were produced at the same time that group
data counts were being obtained. These edits were designed to examine certain
data elements in each case history and flag those that 1) were identified as
match cases that had been combined; 2) contained code numbers that represented
out-of-range conditions; 3) showed a large difference between range from hypo-
center as coded and as calculated from given coordinates; and 4) had range
given with no coordinates listed. The edit lists were manually reviewed, and

approximately 100 records were selected for further examination by comparing
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them with the written case history records on file at Dikewood. Although this
examination did uncover a few coding errors, the general conclusion is that
the Combine Tapes do represent the preferred data base source, and the match
cases have been correctly incorporated. Corrections have been incorporated in
the Combine Tapes for those few errors that were found.

The data base was examined to obtain a breakdown of injuries by shielding
category and survival. After examination of the counts for each category, the
Hiroshima group data were selected for further examination. Runs were made
for outside unshielded (OU) and wood frame (WF) shielding cases. Data were
categorized by weapons output, using the 1965 data for thermal exposure for
the QU cases and overpressure for WF buildings. Combination injury percen-
tages were listed for each exposure interval, These data are presented in
Appendix 1. Listings of injury by psi or cal/cm? exposure are cumulative, and
are interpreted as "no worse than." For example, the first column on page 65
is read as "light mechanical with no burns and no more than moderate radiation

injury.,"

2.2 JAPANESE CASUALTY DATA MEETING -- SEPTEMBER 26, 1983,

A working meeting was held to discuss the goals of the Combined Injury
Analysis and to define the kinds of injury responses desired.

The following major areas were covered in the meeting:

a. Radiation symptoms as the effects criteria are of primary con-
cern. Any synergistic effects relating to non-nuclear injuries
obtajined during the primary analysis are also of interest;
however, they are of secondary importance.

b. Revised weapon yield data for Hiroshima and Nagasaki were dis-
cussed. Since this study will provide data as a function of
weapons effects, the availability of the revised data was
reviewed.

1) Agreement on the yield of the Hiroshima weapon has yet to
be obtained.

2) Revision of EM-1 is being managed by Kar.un Tempo. DW will
investigate the new thermal information being handled by
KSC.

3) Overpressure HOB curves are also changing. However, the
heights and ranges for pressures less than 10 psi are
expected to show minimal change. Kaman is also involved in
this revision,

46




4) Revised radiation information is not yet complete. Some
asymmetry may appear at short ranges, but is expected to
disappear at longer distances, where most of the casualty
data are available,

5) The "nine parameter” revision is not yet complete.

6) Burst heights and hypocenters are expected to change very
1ittle, if at all. George Kerr will provide the latest
information,

Because of the uncertainty in the availability of revised
data for nuclear dose, the same radiation, nine parameter
equations and yields as were used in the previous 0OW study
(DC-FR-1306) will be used at this time,

C. An approach was developed for Phase One of the evaluation, and
is detailed in Table B. The major thrust of this effort is to
examine the symptoms that are traditionally associated with
nuclear radiation, to see if they may also be present when only
blast and burn injuries occurred.

d. Although not discussed at the meeting, it should be noted that
all of the data base (Group and Nongroup) can be used for this
phase of the study, which is confined to the surviving injured.
The restriction to use of group data only applies when studies
involve injured versus uninjured information, or mortality
percentages,

2.3 RtSTRICTED DATA BASE.

Reduced data bases have been created and verified, and are included as
Tables 3 and 10. Inspection of the data base has revealed some differences
between coding items in the case histories., Resolution of these differences
has been made, based on past experience and a knowledge of priorities that
were established during the coding process. Areas that apply to this study

are described below.

4. Date and cause of death. Any unknown death date (9898398) is not
included, In most cases, this date was coded to indicate death on or very
snoon after the date of burst. In addition, cases having a death date within
99 days of burst are not included if the coding shows death due to natural
causes, As this phase is considering the surviving injured, it cannot be said
that they would have survived 90 days if the natural complications had not

existed, Less than 50 case histories fall in this category.

b. Coding of injuries by severity (114-116)* and identification of burn
severity (90-91), as well as mechanical severity (34). 1In some cases an

*Numbers in parenthesis are data item numbers,
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Table 8. Phase one analysis study approach.

Utilizing the Japanese casualty data base examine radiation symptoms for
the surviving injured as follows.
I. OUTSIDE UNSHIELDED EXPOSURE (HIROSHIMA ONLY)
A. Burns

1. Examine cases with burns only, exposed to less than 25 rad
calculated, Free In Air,

2. Determine percent of burns only cases exhibiting each of the
10 radiation symptoms, as the data allow.

3. Show as a function of calculated thermal exposure (ca]/cmz).

4, Examine for moderate and severe burn cases.

5. Repeat Steps 1-4 for combinations of burns plus mechanical
injury. Show as percent of the cases with burns plus mecha-

nical (moderate and severe).

6. Repeat Steps 2-4 for burns extended to higher levels of
radiation exposure, if data permits,

II. WOOD FRAME AND OUTSIDE SHIELDED (BY WOOD FRAME) CASES (BOTH CITIES)
A. Radiation only. Completed in Ref 1.
B. Blast Only Injuries
1. Examine cases with less than 25 rad exposure at body sur-
:?gi: using the nine parameter model to determine attenua-

2. Limit to burns less than moderate.

3. Determine percent of cases with above defined injuries that
exhibit the radiation symptoms, as data allow.

4, Show incidence of symptoms vs. calculated overpressure
(psi).

5. Examine for moderate and severe blast injuries.
C. Blast plus Burn Injuries
1. Repeat B, above, for blast plus moderate and severe burns,

showing severity combinations separately, as the data allow.
Some collapse of categories may be required.
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Table 8. Phase one analysis study approach (continued).
D. Blast plus Radiation

1. Repeat B, without the 25 rad limit for all blast injury
cases, as the data allow.

2. In addition to showing incidence of radiation symptoms as a
function of psi, show incidence as a function of radiation
exposure at the body surface (rad).

3. Run separately for moderate and severe blast.

E. Burns plus Radiation

1. Repeat D, above, using burns in place of blast, as the data
permit,

2. Show incidence only as a function of radiation exposure.
F. Blast plus Burns plus Radiation

1. Show percent of symptoms vs. radition dose at the body
surface, for cases in each exposure interval,

2. Run separately for moderate and severe combinations as a
function of radiation exposure of the body surface, as data
permit.,
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Table 9. Restricted data base--outside unshielded cases.

Case History

Number [tem* Description

1 1 DW Master File Number

2 2 City Code

3 3 East/West Coordinate Location

4 4 North/South Coordinate Locatijon
5 5 Coded Ground Range from Hypocenter
6 6 Location at Time of Burst (ATB)
7 24 Physical Position of Subject

3 37 Data Source

9 38 Data Source File Number

10 48 Medical Condition Prior to Burst
11 49 Medical Condition Immediately After Burst (IAB)
il 71 Interview Date

13 72 Interview Reliability

14 74 Sex

15 75 Age (ATB)

16 79 Prime Cause of Mechanical Injuries
17 30 Cuts, Lacerations, Punctures

18 81 Contusions, Abrasions

19 82 Fractured Bones
20 83 Other Blast Effects
21 34 Severity of Mechanical Injuries
22 35 Head Covering Worn

23 86 Clothing Worn

24 37 Burns Relative to Clothing

25 83 Type of Burns
26 39 Area of Burns

27 30 Percent Area Burned

23 91 Severity of Burns
29 92 Days to Vomiting Onset

30 93 Duration of Vomiting

31 94 Days to Diarrhea Onset

32 35 Duration of Diarrhea

33 96 Days to Bloody Diarrhea Onset

34 97 Malaise or Anorexia Present

*[tem number in case history record,
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Table 9. Restricted data base--outside unshielded cases (continued).

Case History

Number [tem* Description
35 93 Days to Onset of Gingivitis or Pharyngitis
36 99 Duration of Gingivitis or Pharyngitis
37 100 Days to Onset of Necrotic Ging. or Phary.
33 101 Days to Onset of Purpura or Petechiae
39 102 Duration of Purpura or Petechiae
40 104 Percent of Scalp Epilation
41 105 Days to Onset of Scalp Epilation
a2 107 Presence of Sweating and Skin Pigmentation
43 108 Reproductive System Abnormalities
44 109 Fever Onset
45 110 Eye Injuries
46 111 Date of Hospital Admittance
47 112 Date of Hospital Discharge
43 113 Place of Examination
49 114 Most Severe Injury
50 115 Second Most Severe Injury
51 116 Third Most Severe Injury
52 117 Major Complications
53 113 Other Complications
54 119 Type of Patient Treatment
55 120 Lowest Red Blood Cell Count
56 121 Lowest Hemoglobin
57 122 Lowest White Blood Cell Count
53 123 Date of First Treatment
59 124 Date Patient Last Seen
60 127 Additional Items of Interest (Oak Ridge)
61 128 Additional Items of Interest (AFIP)
62 - Record Source (AFIP, Group, etc.)
63 - Burn Severity Index
64 - Mechanical Injury Severity Index
65 - Radiation Severity Index
66 - Calculated Ground Range to Hypocenter
67 - Calculated (free air) Gamma

*Item number in case history record.
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Table 9. Restricted data base--outside unshielded cases (continued).

Case History

Number [tem* Description
68 - Calculated (free air) Neutron
69 - Calculated Thermal Radiation Exposure
70 103 Other Hemorrhages

*Item number in case history record.
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Table 10. Restricted data base--wood frame shielding.

Case History

Number [tem* Description

1 1 DW Master File Number

2 2 City Code

3 3 East/West Coordinate Location

4 4 North/South Coordinate Location

5 5 Coded Ground Range from Hypocenter
6 6 Location at Time of Burst (ATB)

7 7 Locator Number

8 8 Type of Building Construction

9 10 Number of Floors above Ground

10 19 Subject Location (ATB)

11 20 Floor Subject Located on (ATB)

12 22 Subject Location on Floor

13 23 Subject Location Relative to Openings
14 24 Physical Position of Subject

15 25 No. of Floors (or ceilings) shielding subject
16 26 Shielding Material of #25

17 27 Number of Walls Shielding Subject
18 28 Shielding Material of #27

19 29 Other Features Shielding Subject
20 36 Material Shielding Subject in Open
21 37 Data Source

22 38 Data Source File Number

23 48 Medical Condition Prior to Burst
24 49 Medical Condition Immediately After Burst (IAB)
25 71 Interview Date

26 72 Interview Reliability

27 73 Date of Birth

23 74 Sex

29 75 Age (ATB)

30 79 Prime Cause of Mechanical Injuries
31 80 Cuts, Lacerations, Punctures

32 81 Contusions, Abrasions

33 82 Fractured Bones

*[tem number in case history record,

53




Table 10. Restricted data base--wood frame shielding (continued).

Case History

Number [tem* Description

34 83 Other Blast Effects
35 34 Severity of Mechanical Injuries
36 90 Percent Area Burned
37 91 Severity of Burns
38 92 Days to Vomiting Onset
39 93 Duration of Vomiting
40 94 Days to Diarrhea Onset
41 95 Duration of Diarrhea
4?2 96 Days to Bloody Diarrhea Onset
43 97 Malaise or Anorexia Present
a4 98 Days to Onset of Gingivitis or Pharyngitis
45 99 Duration of Gingivitis or Pharyngitis
46 100 Days to Onset of Necrotic Ging. or Phary.
47 101 Days to Onset of Purpura or Petechiae
48 102 Duration of Purpura or Petechiae
49 104 Percent of Scalp Epilation
50 105 Days to Onset of Scalp Epilation
51 108 Reproductive System Abnormalities
52 109 Fever Onset
53 111 Date of Hospital Admittance
54 112 Date of Hospital Discharge
55 113 Place of Examination
56 114 Most Severe Injury
57 115 Second Most Severe Injury
58 116 Third Most Severe Injury
59 117 Major Complications
60 118 Other Complications
61 119 Type of Patient Treatment
62 120 Lowest Red Blood Cell Count
63 121 Lowest Hemoglobin
64 122 Lowest White Blood Cell Count
65 123 Date of First Treatment
66 124 Date Patient Last Seen
67 125 Blast Data Available

*Item number in case history record.
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Table 10. Restricted data base--wood frame shielding (continued).

Case History

Number [tem* Description
63 127 Additional Items of Interest (0ak Ridge)
69 128 Additional Items of Interest (AFIP)
70 - Record Source (AFIP, Group, etc.)
71 - Burn Severity Index
72 - Mechanical Injury Severity Index
73 - Radiaton Severity Index
74 - Calculated Ground Range to Hypocenter
75 - Calculated (free air) Gamma
76 - Calculated (free air) Neutron
77 - Calculated 9-parameter Gamma Attenuation
73 - Calculated 9-parameter Neutron Attenuation
79 - Calculated Overpressure
80 - Shielding Type (l=inside, 2=outside)

bR

a2 Other Hemorrhages

y -

*Iten number in case history record.
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injury is indicated in one data item and not the other. For example: (114-
116) may show burn injury, while (90-91) does not.

The general approach is to include the injury if either coding group
indicates that one existed. By far the majority of cases show consistency
between the two coding groups. For those cases where conflict exists, the
more detailed information of (90-91) and (84) were used. In those few cases
when degree of burn is shown, but burn area is missing and (114-116) cannot
resolve the severity, first and second degree burns are included as moderate,
while third degree burns are listed as severe. Cases showing burns or mechan-
ical injury with the severity unknown are not included.

c. Cases were accepted as shielded by wood-frame when specific identifi-
cation of wood building material was indicated. Cases were also accepted if
the residential building material was unknown, since a preponderance of wood
was used in construction, Cases that indicated an unknown location were not
included; neither were those indicating shielding by another person or non-

wood structures.

Counts of available data are listed in Table 11. Some small reduction in
the numbers can be expected when the breakdown by thermal or overpressure

level is made.

2.4 THERMAL RADIATION AND BLAST ENVIRONMENTS.

Since Kaman Sciences Corporation is responsible for revising and/or
reviewing the thermal and blast sections of the revised edition of DNA EM-1,
they recalculated prompt thermal radiation (cal/cml vs, range) and blast
(overpressures vs. range) for the Hiroshima and Nagasaki burst conditions. Of
course, the thermal and blast predicted for these Japanese events will be
revised when the accepted burst conditions have been re fined.

Review of these data shows little difference from thermal curves
presented in DC-FR-1054, and used in our previous studies. Virtually no
difference exists at close range. At Tong ranges (~24000 ft), Kaman predicts
thermal values up to 13 percent higher. Values from the Hillendahl "Recipe
Code" generally lie between the old DW values and the new Kaman values.
Thermal data for Nagasaki will not be used in this study.

The revised data will not be incorporated at this time, however, since a
consensus on weapon yield has not yet been obtained. Thermal and overpressure
jata will be changed once the yield questions have been resolved.
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Table 11, Case histories available for this study.
HIROSHIMA--OUTSIDE UNSHIELDED

Mechanical Injuries

Burns None Moderate Severe Total
None 396 125 13 534
Moderate 1394 283 13 1690
Severe 1007 130 9 1146
Total 2797 538 35 3370

HIROSHIMA--WOOD FRAME SHIELDING

Burns
Mechanical None Moderate Severe Total
None 5926 691 117 6734
Moderate 6853 571 77 7501
Severe 606 62 16 634
Total 13385 1324 210 14919

NAGASAKI--WO0D FRAME SHIELDING

Burns
Mechanicai None Moderate Severe Total
None 2534 300 110 2944
Moderate 1632 186 22 1840
Severe 228 28 10 266
Total 4394 514 142 5050

2.5 [INJURY SYMPTOM DATA.

The summary counts of the injury symptom data available are shown in
Appendix 2. The breakdown includes 1ight burns and light mechanical injury
categories. These were included to verify that the data base does not contain
sufficient information to allow separate categories for them. Because of
considerations in the data availability and coding, the light injury category
will be included with the moderate injuries.

Counts of the cases with specific symptoms are shown for each of the
shielding categories. For each injury category, the upper value of the pair
indicates the number of cases that recorded the symptom indicated. The lower
number represents the number of cases with symptom data available for each
burn and mechanical injury. Some data are shown to ascertain whether suffi-
cient information exists to examine synergistic effects. At this time no
conclusions can be reached.

The coding key for the columns is:
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VOMIT-ONSET
VOMIT-DUR
DIARRHEA-ONSET
DITARRHEA-DUR
BDIA-ONSET
MALS-ANOR

GING & PHAR-DUR
NG & P-ONSET

PURP/PET-ONSET
PURP/PET-DUR
SCALP EPIL-PRCNT
SCALP EPIL-ONSET
REPRO ABNOR
FEVER ONSET
MAJOR COMPL

RBC LWST

HEMO LWST
WBC-LWST
HOSP-DISC

Onset and presence of vomiting

Duration of vomiting

Onset and presence of diarrhea

Dyration of diarrhea

Presence and onset of bloody diarrhea
Presence of malaise and anorexia

Duration of gingivitis/pharyngitis

Presence and onset of necrotic
gingivitis/pharyngitis

Presence and onset of purpura or petechaie
Duration of purpura or petechaie

Percent of scalp epilation

Presence and onset of scalp epilation
Abnormalities of reproductive system

Onset and presence of fever

Major complications

Data available on Towest red blood cell count
Data available on lowest hemoglobin, percent
Data available on lowest white blood cell count
Hospital discharge data available

2.6 BURN AND MECHANICAL INJURIES RADIATION SYMPTOMS.

Appendix 3 contains the first set of data showing symptoms versus burn

and mechanical injuries.

The minimal doses were calculated using T65 informa-

tion. The data present the percent of cases exhibiting various radiation

symptoms as a function of calculated thermal exposure. Two cases are pre-

sented for Hiroshima outside unshielded: a low radiation (calculated less

than 25 rads) and all radiation exposure cases. For each of the two cases,

combinations of burn and mechanical injuries were developed. The combinations

include none, moderate and severe for both burns and mechanical injuries.

[t is important to remember that the thermal exposure is calculated using

the range from the hypocenter for each case history. Use of the revised DS 86

weapon yields will alter the relationships between radiation, and thermal and

overpressure exposure levels,
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APPENDIX A
HIROSHIMA DATA FOR WOOD FRAME AND OQUTSINE UNSHIELDED

(A11 thermal and pressure calculations made
using old weapon yield parameters)
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APPENDIX B

SUMMARY COUNTS OF EACH INJURY SYMPTOM

Hiroshima Outside .1shielded
Hiroshima Wood Shielded - Qutside
Hiroshima Wood Shielded - Inside
Hiroshima Wood Shielded - Total
Nagasaki Wood Shielded - Qutside
Nagasaki Wood Shielded - Inside
Nagasaki Wood Shielded - Total
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APPENDIX C
HIROSHIMA BURN AND MECHANICAL INJURITES RADIATION SYMPTOMS

(A11 thermal, radiation, and pressure calculations
used old weapon yields relative to T65 radiation data.)

Hiroshima - Outside Unshielded

113
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